INTRODUCTION
The pi3k/Akt/mtor (phosphatidylinositol 3 kinase/ Akt/mammalian target of rapamycin) signalling cascade is well characterized and plays crucial roles in a variety of physiologic processes ( Figure 1 ): cell cycle progression, differentiation, transcription, translation, apoptosis, motility, autophagy, anabolic processes (including protein and lipid synthesis), and metabolic processes (including normal glucose homeostasis) 1 . Activation of the pi3k/Akt/mtor signalling pathway is implicated in tumourigenesis, and pi3k/Akt/mtor is the most frequently mutated pathway in breast cancer (Tables i and ii) 2-8 . The Cancer Genome Atlas Network recently profiled (by next-generation sequencing) tumours from 825 breast cancer patients and demonstrated that the most frequently observed somatic mutation occurs in the PIK3CA gene, in luminal breast cancers in particular 2, 3 . Overall, activation of the pi3k/Akt/ mtor signalling pathway in breast cancer could be as frequent as 70%, and some studies suggest that its activation is associated with aggressive features such as high histologic grade, the basal-like and her2 phenotypes, and poor clinical outcome 7 .
ABSTRACT
The pi3k/Akt/mtor (phosphatidylinositol 3 kinase/ Akt/mammalian target of rapamycin) signalling pathway is an established driver of oncogenic activity in human malignancies. Therapeutic targeting of this pathway holds significant promise as a treatment strategy. Everolimus, an mtor inhibitor, is the first of this class of agents approved for the treatment of hormone receptor-positive, human epidermal growth factor receptor 2-negative advanced breast cancer. Everolimus has been associated with significant improvements in progression-free survival; however, it is also associated with increased toxicity related to its specific mechanism of action.
Methods
A comprehensive review of the literature conducted using a focused medline search was combined with a search of current trials at http://ClinicalTrials. gov/. Summary tables of the toxicities of the various classes of pi3k/Akt/mtor inhibitors were created. A broad group of Canadian health care professionals was assembled to review the data and to produce expert opinion and summary recommendations for possible best practices in managing the adverse events associated with these pathway inhibitors.
Results
Differing toxicities are associated with the various classes of pi3k/Akt/mtor pathway inhibitors. The most common unique adverse events observed in everolimus clinical trials in breast cancer include stomatitis (all grades: approximately 60%), noninfectious pneumonitis (15%), rash (40%), hyperglycemia (15%), and immunosuppression (40%). To minimize grades 3 and 4 toxicities and to attempt to attain optimal outcomes, effective management of those adverse events is critical. Management should be interdisciplinary and should use approaches that Furthermore, activation of the pi3k pathway has been implicated in resistance to hormonal therapy, and inhibition of mtor has been associated with restoration of hormone sensitivity, particularly when inhibitors are given in combination with hormonal agents 9 .
A number of novel anticancer agents targeting the pi3k/Akt/mtor signalling pathway have been developed for the treatment of various malignancies, including breast cancer ( Figure 2 ). As those agents enter clinical trials and show encouraging clinical activity, relevant drug-related adverse events (aes) must be considered.
Everolimus, an inhibitor of mtor, has been approved (in combination with exemestane) for patients with hormone receptor (hr)-positive, her2 (human epidermal growth factor receptor 2)-negative advanced breast cancer after progression on nonsteroidal aromatase inhibitors (ais). The ae profile of everolimus does not overlap with the profiles of existing hormonal systemic therapies, but understanding of the benefits, tolerability, and risks of everolimus-exemestane therapy is growing 10 . The need to develop strategies to proactively manage clinically relevant aes related to mtor inhibition-as for other tyrosine kinase inhibitors-is becoming increasingly clear.
Across Canada, oncology physicians, pharmacists, and nurses are using interdisciplinary approaches for the practical management of aes associated with everolimus. Protocols include education of patients about the potential types of toxicities; early recognition and frequent monitoring for toxicity; and active intervention and prophylactic strategies. Once established, models of care that comprehensively address toxicities relevant to everolimus administration should inform future prevention, monitoring, and proactive treatment strategies for aes associated with the new anticancer agents targeting the pi3k/Akt/mtor signalling pathway.
METHODS
The medli ne database (2009-2014) and http:// ClinicalTrials.gov/ were searched for relevant evidence. The search used combinations of these key words: "pi3k," "mtor," "mtorc1," "mtorc2," Genetic aberrations of the pi3k/Akt/mtor signalling pathway in cancer a "pathway," "breast cancer," "metabric," "tcga," "aberrations," "inhibition," "mechanism," "toxicity," "adverse events," "everolimus," "intervention," "management," "education," "patient," and "stomatitis." In addition, the proceedings of the 2013-2014 American Society of Clinical Oncology and the 2013-2014 European Society for Medical Oncology annual meetings were searched for abstract reports of relevant studies. The searches identified 383 reports, of which 37 are discussed in this review.
RESULTS AND DISCUSSION

PI3K/Akt/mTOR Signalling Pathway Inhibitors in Clinical Development
Five main classes of pi3k/Akt/mtor signalling pathway inhibitors are currently being investigated in advanced (primarily estrogen receptor-positive) breast cancer 8 ( Figure 2 , Table iii ):
• Pan-pi3k inhibitors block all class ia pi3ks. They are represented by several small-molecule drugs = phosphatidylinositol 3 kinase; Akt = v-akt murine thymoma viral oncogene; mtor = mammalian target of rapamycin; her2 = human epidermal growth factor receptor 2; ErbB2 = v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2; mek = mitogen-activated protein kinase kinase; pten = phosphatase and tensin homolog; igf-1r = insulin like growth factor 1 receptor; InsR = insulin receptor; fgfr = fibroblast growth factor receptor; egfr = epidermal growth factor receptor; pdk1 = phosphoinositide-dependent kinase 1; torc1 = transducer of regulated creb activity 1; K-ras = Kirsten rat sarcoma viral oncogene homolog.
including buparlisib (BKM120), pilaralisib (XL147), and pictilisib (GDC-0941) 12 .
• The pi3k isoform-specific inhibitors, including alpelisib (BYL719) and taselisib (GDC-0032), selectively inhibit the pi3k p110α, β, γ, or δ isoforms 12 .
• Pan-Akt inhibitors target the three isoforms of Akt (Akt1, 2, and 3). Because of the structural similarities between the three isoforms, isoform-specific inhibitors are proving challenging to develop.
• The mtorc1 (mammalian target of rapamycin complex 1) inhibitors, including sirolimus and its analogs (temsirolimus, everolimus, and deforolimus), are allosteric irreversible inhibitors of mtorc1 kinase 13 ; the mtorc1 or 2 inhibitors block both mtorc1-dependent phosphorylation of s6k1 and mtorc2-dependent phosphorylation of Akt 13 .
• Dual pi3k and mtor inhibitors target the p110 subunit of pi3k and mtor. This dual targeting might increase clinical efficacy because of more complete inhibition of the pi3k/Akt/mtor signalling pathway and blockade of pathway activation through loss of negative feedback loops. However, it might also result in unforeseen clinically relevant side effects 13 .
The foregoing therapeutics are associated with a number of potential toxicities, some of which are shared by the various classes of agents. The aes common to several pi3k/Akt/mtor signalling pathway inhibitors include hyperglycemia and rash. Hyperglycemia has been observed in clinical trials of all five classes of pi3k/Akt/mtor signalling pathway inhibitors [14] [15] [16] [17] , a finding that is not unexpected considering the role of the pi3k/Akt/mtor signalling pathway in regulating glucose metabolism. Rash has been reported in patients treated with pan-pi3k inhibitors, pan-Akt inhibitors, and mtor inhibitors; those events have been attributed to cytokine and chemokine deregulation resulting from pathway inhibition 17, 18 .
Other aes associated with administration of specific pi3k/Akt/mtor signalling pathway inhibitors include neutropenia, gastrointestinal toxicity, and mood disorders, which have so far been observed only in clinical trials of pan-pi3k inhibitors [19] [20] [21] . Stomatitis and noninfectious pneumonitis have so far been reported only in patients treated with mtor inhibitors 14 pathway is essential to inform best practices for patient management and education, and to optimize safety and clinical benefit.
Everolimus in Advanced Breast Cancer
Everolimus is the only pi3k/Akt/mtor signalling pathway inhibitor and the first mtor inhibitor approved in Europe and North America (in combination with exemestane) for the treatment of hr-positive, her2-negative advanced breast cancer for patients with progressive disease on a nonsteroidal ai. The approval was based on bolero-2 22 , a randomized placebo-controlled phase iii trial that accrued 724 postmenopausal patients with hr-positive, her2-negative advanced breast cancer who had experienced disease progression on a nonsteroidal ai, and that compared exemestane 25 mg daily plus everolimus 10 mg daily with exemestane plus placebo. In the trial, everolimusexemestane was associated with improved median progression-free survival (local investigator assessment: 7.8 months vs. 3.2 months with exemestane alone; hazard ratio: 0.45; 95% confidence interval: 0.38 to 0.54; log-rank p < 0.0001; independent central radiology review: 11.0 months vs. 4.1 months; hazard ratio: 0.38; 95% confidence interval: 0.31 to 0.48; logrank p < 0.0001) in the overall population and in all prespecified clinical subgroups. That magnitude of improvement in progression-free survival was both statistically and clinically significant. Furthermore, everolimus-exemestane was associated with an overall survival duration that was numerically increased to 31 months from 26.6 months with exemestane-placebo, a difference of 4.4 months (hazard ratio: 0.89; 95% confidence interval: 0.73 to 1.10; p = 0.1426) 23 . That endpoint did not reach statistical significance, but it is the longest duration reported to date in a phase iii trial involving hr-positive, her2-negative advanced breast cancer after prior treatment with a nonsteroidal ai.
The open-label randomized phase ii tamrad trial involved 111 postmenopausal patients with hr-positive, her2-negative breast cancer who had previously been treated with an ai. It compared tamoxifen 20 mg plus everolimus 10 mg with tamoxifen alone. The clinical benefit rate (objective response or stable disease for at least 6 months according to the Response Evaluation Criteria in Solid Tumors, version 1.0) was higher in the everolimus-tamoxifen treatment arm than in the tamoxifen-alone arm (61% vs. 42%). Median time to progression (8.6 months vs. 4.5 months, exploratory p = 0.002) and overall survival were also longer in the combined treatment arm 24 .
Everolimus-Related Toxicities
The unique ae profile of everolimus includes epithelial and cutaneous events (stomatitis, rash), pulmonary dysfunction (noninfectious pneumonitis), hyperglycemia, and immunosuppression (Table iv) 26 .
Recommended Management Strategies for Everolimus-Related Toxicities
To establish evidence-based management strategies that provide comprehensive supportive care for patients while on treatment, an understanding of the toxicities associated with everolimus is essential. Because the class-effect ae profile observed with everolimus plus endocrine therapy is distinct from that of endocrine therapy alone, education of health care providers and patients is critical to minimize toxicities, improve safety, and optimize adherence and clinical outcomes. Real-world experiences of health care professionals suggest that an interdisciplinary approach to the proactive management of patients receiving everolimus should include
• comprehensive education of patients about the range of toxicities, • early toxicity recognition and frequent monitoring, • active intervention, and • prophylactic strategies.
Recommended management strategies for everolimus-related toxicities are summarized in Table v and Figure 3. 
3.4.1
Stomatitis Stomatitis associated with mtor inhibitors is characterized by discrete, superficial, aphthous-like ulcers with a grayish-white pseudomembrane; it is clinically distinct from conventional chemotherapy-induced mucositis (Table v) 25, 27 . Stomatitis events typically occur within 2-8 weeks of the initiation of mtor inhibitor treatment; the incidence drops considerably after the first 6-8 weeks. Stomatitis was the most commonly reported all-grade ae in tamrad (56%) and bolero-2 (59%), and it was among the most commonly reported grades 3 and 4 aes. Importantly, most patients (>97%) can experience complete resolution of stomatitis (approximately 16-22 days from onset) with symptomatic interventions and dose modification.
Early Recognition and Frequent Monitoring:
Everolimus-treated patients must be educated and prepared for the possibility of developing stomatitis. Early clinical contact by a member of the oncology health care team-for example, at weeks 2, 4, and 8 of treatment-is recommended 25 . Patients should be advised to contact their health care provider at the first sign of mouth discomfort or lesions that interfere with eating and drinking.
Active Intervention: Clinical management depends on symptom severity. Patients should be instructed to avoid agents (for instance, mouthwashes) containing alcohol and hydrogen peroxide derivatives. Because of the possibility of immunosuppression related to everolimus, patients should be evaluated for herpetic and fungal infections and treated appropriately. Early use of topical steroid mouth rinses should be considered, even for grade 1 stomatitis. Everolimus dose modifications (50% of the dose previously administered) can be implemented, particularly for grade 3 stomatitis and relapsing or recurrent grade 2 stomatitis (Table v) 27 .
Prophylactic Strategies: Patients should be educated about good oral hygiene and encouraged to attend regular dental examinations and to maintain good toothbrushing habits using a soft toothbrush. Patients should be advised to use bland mouth rinses such as sterile water, normal saline, sodium bicarbonate, or tea, and to modify oral intake to minimize spicy and acidic foods. Newer recommendations for the prevention of stomatitis include using 15 mL of a baking soda or salt mouth rinse, followed 10-15 minutes later by 10 mL of a prescribed "miracle mouthwash" [320 mL Benadryl (diphenhydramine solution: Johnson & Johnson, New Brunswick, NJ, U.S.A.), 2 g tetracycline powder, 80 mg hydrocortisone, 40 mL nystatin suspension, and enough added water to reach a total of 473 mL] 4 times daily 29 . A phase ii trial of the prophylactic use of a steroid-based mouth rinse to reduce the incidence and severity of stomatitis is ongoing (search for NCT02069093 at http://ClinicalTrials.gov/).
A recent meta-analysis observed that patients who experience stomatitis derive a clinical benefit from everolimus that is similar to the benefit derived by the overall trial population, suggesting that, with proactive management and dose adjustment according to the approved prescribing information, everolimus can be continued in most patients who experience stomatitis 30 . Interim analyses from a large German non-interventional study (brawo) of 3000 patients with advanced or metastatic hr-positive, her2-negative breast cancer treated with everolimus and exemestane suggest that physician experience, prophylactic measures, and close monitoring of patients can reduce the incidence of stomatitis. Those observations emphasize that proactive communication and management strategies are essential 31, 32 .
3.4.2
Noninfectious Pneumonitis Noninfectious pneumonitis is a non-malignant inf lammatory pulmonary infiltrate that, when it occurs, generally arises over time. Radiologic findings include "ground glass" opacities and focal consolidation. All-grade noninfectious pneumonitis was relatively common in tamrad (17%) and bolero-2 (16%), and was the most common ae leading to treatment discontinuation in bolero-2 (5.6%). However, the incidence of grade 3 or 4 noninfectious pneumonitis was low (2%-4%) across the randomized trials 22, 24 . 
Rash
Everolimus-associated rash presents as an acneiform dermatitis that starts as an inflammatory lesion (papule or pustule), with the subsequent appearance of comedones (blackheads). The rash is widely distributed and is often found on the upper extremities and neck. All-grade rash was reported in 44% of patients treated with everolimus in tamrad and in 39% of patients in bolero-2. The incidence of grades 3 and 4 rash was 4% in tamrad, but only 1% in bolero-2 22,24 .
Early Recognition and Frequent Monitoring: Patients should be informed of the possibility of developing rash and educated about the signs and symptoms. They should also be advised to contact their health care provider at the first sign of rash.
Active Intervention: Grade 1 rashes typically resolve without therapeutic intervention, but for symptomatic events, topical low-to moderate-strength corticosteroid, with or without topical antibiotics, is recommended. For symptomatic grades 2 and 3 rash, a 2-to 4-week course of oral antibiotics should be administered, and treatment interruption and dose reduction (50% of the dose previously administered) should be considered 25 . If oral steroids are being considered, caution is required because of everolimus-associated immunosuppression, infection, and hyperglycemia 27 .
Prophylactic Strategies: Patients receiving everolimus should be educated about moisturizing frequently with a thick, alcohol-free emollient cream [examples include Eucerin (Beiersdorf AG, Hamburg, Germany), Aquaphor (Beiersdorf AG), or Cetaphil (Galderma Laboratories, Lausanne, Switzerland)]; using mild fragrance-free soap; taking short, lukewarm showers or baths with the addition of 1-2 cups of baking soda or Aveeno (Johnson & Johnson); and using sunscreen of spf 15 or higher containing zinc oxide or titanium oxide 25 .
3.4.4
Hyperglycemia Hyperglycemia is defined as a fasting glucose level exceeding 7.0 mmol/L or a postprandial level exceeding 11.1 mmol/L 33 . Symptoms of hyperglycemia include frequent urination, increased thirst, fatigue, blurred vision, weight loss, headaches, and difficulty concentrating 25 . In patients treated with everolimus, the incidence of all-grade hyperglycemia was 14% in bolero-2. Grade 3 or 4 hyperglycemia was reported in fewer than 6% of patients in bolero-2 22 .
Early Recognition and Frequent Monitoring:
Health care providers should ensure that, before initiating everolimus therapy, patients have optimum glycemic control. Patients should be educated about the possible symptoms of hyperglycemia and advised to contact their health care provider at the first sign of hyperglycemia. In patients with glycemic dysfunction that is under control, frequent glucose monitoring (for example, daily self-monitoring) is recommended during the first month of everolimus therapy; thereafter, the frequency of monitoring can be decreased if adequate glycemic control is established. Patients with prediabetes should also be monitored to reduce the risk of hyperglycemia and to facilitate early intervention. Patients with uncontrolled diabetes (fasting serum glucose more than 1.5 times the upper limit of normal) should not receive everolimus therapy 25 .
Active Intervention: All patients who develop hyperglycemia should be advised to drink plenty of water, exercise regularly, reduce dietary carbohydrates and sugar, and use frequent glucose self-monitoring (frequency is individualized, but can be 2 or more times daily) 34 . Clinical management depends on the severity of hyperglycemia. Patients who develop grade 1 hyperglycemia (8.9 mmol/L glucose) do not require treatment modification. Patients with grade 2 (8.9-13.9 mmol/L glucose), 3 (>13.9 mmol/L to 27.7 mmol/L glucose), or 4 hyperglycemia (>27.7 mmol/L glucose) should be treated according to the 2013 Canadian Diabetes Association algorithm 35 , with referral to subspecialty diabetes management as required.
3.4.5
Immunosuppression Patients receiving everolimus can be predisposed to bacterial, fungal, viral, or protozoal infections, including pneumonia, sepsis, mycobacterial infections, aspergillosis, candidiasis, and reactivation of hepatitis B virus. In patients treated with everolimus, infections occurred in 44% of patients overall in bolero-2, but the incidence of grade 3 or 4 infections was low (grade 3, 4%; grade 4, 2%) 25 .
Early Recognition and Frequent Monitoring:
A full medical history of prior infections should be obtained from the patient, and for those at baseline risk, laboratory tests for hepatitis (B and C), hiv, and other opportunistic infections (tuberculosis, for instance) should be conducted before everolimus therapy commences. The oncology health care team should be vigilant in watching for infections, and patients should be advised to contact their health care provider immediately on observation of infection-related signs or symptoms (fever, cough, and so on) 27 .
Active Intervention: Recommended management strategies for patients presenting with an infection involve diagnosis and treatment with the appropriate antibiotic, antifungal, or antiviral agents 27 interactions with everolimus must be taken into account. Everolimus dose modifications (50% of the dose previously administered) can be implemented (Table v) Prophylactic Strategies: For patients with hepatitis B virus infection, liver enzymes and hepatitis B viral dna should be monitored, and prophylactic antiviral treatment should be given 25 .
Interdisciplinary Strategies for Management of Everolimus-Related Toxicities in Canada
Recognition of the complex ae profiles associated with oral anticancer agents has raised awareness of the need for effective management strategies for patients on such therapies. In response, oncology health care providers across Canada continue to develop strategies for the management of those therapies. The goal is for each Canadian health care region to adopt an interdisciplinary approach that incorporates the various members of the health care team involved in patient care. Although the ideal model has yet to be realized, oncology physicians, pharmacists, and nurses in several Canadian health care settings are providing coordinated and complementary supportive patient care using detailed protocols that allow care team members to individualize treatment plans and to optimize treatment outcomes. The strategies aim to embrace principles for the management of oral cancer medications in general, with specific targeted interventions for the unique aspects of everolimus.
Oncology Physicians
Oncology physicians assume primary responsibility for the care of patients throughout the course of their disease. The physician's role includes explaining the cancer diagnosis and disease stage; discussing all treatment options and recommending the best course or courses of therapy; delivering high-quality, compassionate care; and helping to maintain the patient's quality of life by managing cancer-related pain and other symptoms or treatment-related side effects.
When considering everolimus, these key principles apply:
• Prescribing safely, ideally through the use of computerized physician order entry (where available) or preprinted orders (This principle aligns with best practices in oral medication prescription and is vital for cancer drugs in particular. In addition, to ensure that toxicities are managed appropriately, patients should ideally be evaluated by the physician or health care team every cycle before the prescription is renewed.) • Modifying treatment, including interrupting or ceasing therapy, and modifying the dose based on efficacy and toxicity
• Initiating education about management and possible aes • Planning for monitoring everolimus toxicities • Outlining the benefit-risk scenario • Making necessary referrals, overseeing the treatment team, and coordinating with the pharmacist and nurse
Canadian health care providers are increasingly recognizing that all members of the patient care team should have an informed working knowledge of the toxicities that patients exposed to everolimus could potentially develop and of the appropriate management strategies. Once the oncologist has prescribed everolimus, members of the patient care team should be providing a standardized approach to surveillance and management of the patient. In particular, pharmacists and nurses are playing active and essential roles in patient education and monitoring.
3.5.2
Oncology Pharmacists In Canada, the involvement of oncology pharmacists in the management of patients receiving oral cancer medications-before therapy, at therapy initiation, and after therapy start-is becoming more widespread. Consultation with various Canadian pharmacists has identified several Canadian programs that are suggested as models of care:
• Patient Management Before Everolimus Therapy
In a pharmacist-led program at the Grand River Regional Cancer Centre (Kitchener, ON), pharmacist involvement begins before patients initiate therapy. The pharmacist reviews the patient's prescribed and nonprescribed therapies to consider potential interactions and toxicities. Alternatives for therapeutics that could be problematic while the patient is receiving everolimus are suggested. The pharmacist emphasizes to the patient that any new medication taken while using everolimus has to be reviewed for possible interactions (for example, antibiotics prescribed by a general practitioner). If patients acquire their medication from a community pharmacy, a link with a regular physician in the community is required, and a prescription information sheet is provided to community pharmacists to ensure that they have sufficient information to safely and competently dispense oral targeted therapies with knowledge of the range of associated toxicities (The Ottawa Hospital, Ottawa, ON ON) will investigate the value of developing program-specific patient navigation binders with self-management tools and important disease-and treatment-related information. These types of initiatives improve the chances that patient toxicities will be managed in a timely fashion, thus reducing the occurrence of progressive aes and, potentially, acute-care visits.
3.5.3
Oncology Nurses Across Canada, nurses are playing an integral role in the identification and management of everolimusrelated toxicities. The Canadian Association of Nurses in Oncology released a position paper promoting evidence-based and timely support for patients on oral therapy-and their families. The paper identifies a shift in responsibility for administering medications from knowledgeable oncology nurses to family members, patients, home care agencies, and non-oncology-focused inpatient facilities 37 .
One nurse-led, patient-focused oral therapy navigator program in Canada (Simcoe Muskoka Regional Cancer Centre, Barrie, ON) helps patients and their families demonstrate self-efficacy with behaviors surrounding oral treatments 38 . Patients receive education, coaching, support, advocacy, and assistance in overcoming barriers to adherence to treatment. Through the program,
• patients receive an initial 60-minute individual education session delivered by an oral therapy nurse navigator.
• patients who have obtained their medication and are ready to start therapy receive a telephone call initiated on day 1 by the oral therapy nurse.
During that call,
• medication, dose, administration, safety, and adherence are reviewed; and • patients are reminded of the contact information they should use for any symptom concerns.
• patients receive another planned telephone call on day 10 of treatment. At that point, the nurse makes an assessment for early everolimus side effects such as stomatitis and rash.
Education is consistently reinforced. Patients are requested to come to the clinic for an in-person assessment if they develop symptoms, and they visit the oral therapy nurse navigator monthly during ongoing treatment.
3.5.4
Challenges Establishing new approaches to health care delivery is often associated with challenges, and developing models of care that comprehensively address toxicities relevant to oral anticancer drugs is no exception. In particular,
• few evidence-based guidelines are available about the optimal management of patients on oral targeted cancer therapies (compared with classical intravenous chemotherapy).
• patients receiving oral targeted cancer therapies can experience unique toxicities that are different from those associated with conventional cytotoxic and hormonal agents.
• patients are often charged with managing oral targeted drugs and their adverse effects at home, and the potential for suboptimal adherence must be considered.
• the combination of toxicities and adherence issues for agents given together (such as everolimus and exemestane) can further complicate management.
(Each individual agent can have non-overlapping, but also varied, toxicities.) • nursing and pharmacy experience in counselling patients about these novel oral agents can be variable.
• patients who fill prescriptions for oral targeted therapy at local community pharmacies might not receive optimal medication counselling and follow-up, because those establishments are often not familiar with these unique agents.
• the development of interdisciplinary management programs involves time and costs that are not currently acknowledged in most cancer care programs.
CONCLUSIONS
A comprehensive understanding of everolimusassociated toxicities and the development of management strategies are essential to optimize the appropriate clinical use of everolimus and other targeted oral anticancer agents currently in clinical development (pik3 and Akt inhibitors, for instance). New models of care that include multiple health disciplines should be explored to optimize the safety and efficacy of those drugs. For everolimus in hr-positive, her2-negative metastatic breast cancer in particular, organized and systematic management beyond that required for endocrine therapy alone has to be implemented. That management includes comprehensive education, counselling, and intervention individualized to patient needs. Interdisciplinary toxicity management for oral anticancer therapies represents a new but essential component in the optimal delivery of oncology health care services. All members of a health care team, including oncologists (medical, surgical, radiation), nurses, and pharmacists should have a good working knowledge of the toxicities that patients exposed to oral anticancer therapies can potentially develop. Equally important is the need for appropriate ae management strategies. Everolimus, being the first of many complex oral targeted therapies that will be available to women with advanced breast cancer, serves as a template for the future. As the number of approved oral anticancer agents expands, best practices for management strategies have to be established to optimize safety, adherence, quality of life, and ultimately treatment outcomes for patients.
ACKNOWLEDGMENTS
Novartis Pharmaceuticals Canada provided financial support for the independent development of this paper and the medical writing assistance provided by Jane Kondejewski phd. No author received monetary compensation or any other consideration for their participation in this project.
CONFLICT OF INTEREST DISCLOSURES
We have read and understood Current Oncology's policy on disclosing conflicts of interest, and we declare the following interests: SC has received honoraria from Hoffmann-La Roche, AstraZeneca, and Novartis. SC's institution has received research grants from Hoffmann-La Roche, AstraZeneca, and Novartis. SG has received honoraria from Novartis for speaking engagements. AAJ has received personal consultant fees and nonfinancial support from Novartis. SE has received a grant for education from Novartis. MG reports consulting work with Novartis. SH has received honoraria from Novartis. JPA reports research grants and speaker conference honoraria from Novartis. SFD reports honoraria from Novartis.
